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of persons stripped to the waist and doing no work; and when 
once started this rise continues until symptoms of heat stroke 
arise, unless the person leaves the warm air. In the case of 
persons doing muscular work, the rise of body temperature is 
much more rapid and begins a t  a much lower wet-bulb tempera- 
ture. It will, for instance, begin (in persons stripped to the 
waist) a t  a wet-bulb temperature of about 80' F. [ = 26.7'  C.] 
in still air with moderately hard muscular work, so that hard 
and continuous work is impracticable a t  wet-bulb temperatures 
of over 80' in still air. There is no doubt that when ordinary 
clothes are worn, serious rise of body temperature occurs a t  a 
still lower wet-bulb temperature. Soldiers marching in uni- 
form are, for instance, liable to heat stroke a t  wet-bulb tempera- 
tures of under 70' F. [ = 21 ' C.]." 

Thus, while the problem of ventilation seems clearly to resolve 
itself into the problem of supplying to the individual moving 
air of such a temperature and such a content in aqueous vapor 
as to  enable him to maintain his body in its best physiological 
condition, there still remain many physiological problems re- 
lated to  ventilation which press for solution. At what tempera- 
tures and what degrees of moisture do the really evil effects 
of bad air begin to appear? In  what ways other than the rise 
of bodily temperature and the obvious symptoms do these 
evil effects manifest themselves? Here there are many possi- 
bilities : alterations of respiratory exchange, of relations of the 
oxygen to the haemoglobin of the blood, of the action of the 
heart, of the pressure of the blood in the arteries, of the course 
of fatigue, of the working power of the brain. It must be be- 
lieved that  the normal course of the body's metabolism is altered, 
but no one knows with any degree of exactness what the altera- 
tions are. Do a high temperature and a high humidity bear 
any relation to bacterial infection? What are the differences 
between temporary and prolonged exposure to these unfavor- 
able conditions? Most of the experiments heretofore conducted 
have been of short duration, and few have extended for so long 
a period as even a whole working day. Still fewer have related 
to the exposure, day after day, for weeks or months, to an atmos- 
phere that  is only slightly unfavorable; yet it is probable that  
the evil effects of such an environment are cumulative. How 
are the effects of a high temperature and a high humidity altered 
by performing physical or mental work? At what temperatures 
and humidities can physical work and can mental work best 
be performed-in other words, under what conditions of ventila- 
tion can the highest physiological efficiency of the individual 
be secured? Ought these conditions to be varied, and if so in 
what way, according to the occupation of the individual con- 
cerned? Should, for example, the home, the schoolroom, 
the hospital, and the work shop have each its own ventilation 
standard and in what terms should these standards be expressed? 
These are some of the physiological questions to be answered 
by the investigation of the future. What we already know about 
ventilation and what we hope to know in the future, combine 
to make it clear, I trust, that, as was stated in my introduction, 
the problem of ventilation is fundamentally a physiological 
problem. 
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MECHANICAL PROBLEMS OF VENTILATION 
By D. D. KIMBALL 

It is not my understanding that the subject assigned me 
refers to the details of the problem of working out a design 
for the ventilation of any building for any use, for such problems 
have become those of details only. 

So far as this subject refers to the present wide-spread atmos- 
phere of investigation into the general problem of ventilation 
it might almost be said that there are no mechanical problems 
unsolved in the field of ventilation; which is to say, the engineer 

can provide any chemical or physical condition of the atmos- 
phere of an enclosed space which may be required. The compo- 
sition of the air may be maintained with any reasonable pro- 
portions of oxygen and COa (and ozone too, if desired) and . 

the air may be kept freer of dust and bacteria than the outside 
air. It may be maintained a t  any temperature or any degree of 
relative humidity, and it may be given any degree of movement 
or diffusion desired. Odors and dust of any kind and of any 
amount can be removed. 

These are matters fully understood by the engineer, and practice 
and formulae are a t  hand for guidance along correct lines. 

The chemical and physical properties of the air may be varied 
a t  will and within short periods of time. And all of this may be 
accomplished by the artificial ventilating system. It cannot be 
accomplished by natural ventilation. 

But nevertheless, someone will rise to insist that these things 
are not accomplished and that, therefore, these statements must 
be those of theory and not those of accomplished fact. And on 
the surface it appears as though such a person would not be 
far from right. 

It 
will not be contended that there are not a great many ventilating 
systems in use which are justly the subject of criticism, even 
serious criticism, nor that there are relatively few systems in 
use for which entire satisfaction may be claimed. 

But again, let it be stated that this condition results, not 
because of the mechanical problems involved but for other 
reasons, serious and fundamental. 

There is now no agreement as to which constitutes proper 
ventilation. Information is seriously lacking as to both the 
chemical and physical properties of the air which are most 
desirable. There are many chemical and physical phases of 
this problem which are of undoubted importance, such as oxygen, 
carbon dioxide, ozone, temperature, humidity, air movement, 
dust and bacteria, but in the case of no one of these elements 
is there entire accord among the Physiologists or medical men 
as to the effect of'different conditions, except in so far as the 
trend of recent opinion seems to  indicate that  the physical, 
rather than the chemical, conditions of the air are of the greater 
importance, which is a reversal of earlier opinions. That is, 
temperature, humidity and movement of the air, and its freedom 
from dust, bacteria and odor are the first essentials of ventila- 
tion. Therefore, let the physiologist and medical men determine, 
by a continuance of the splendid studies and experimentation 
now going on, what are the most desirable atmospheric condi- 
tions. The engineer may then be counted upon to provide 
such conditions. 

But decisions on these important matters must be well founded 
and may not be based upon insufficient investigations and in- 
conclusive tests as have been so many of the recently announced 
views as, for instance, the oft reiterated pronouncements in favor 
of window ventilation. In  the tests of this important phase 
of the ventilation problem, as recorded to  date, the subjects 
have been in small classes under the care of specially selected 
teachers and nurses, with special diets, short study periods, 
exercise and rest periods, investigations and instructions re- 
garding home conditions and with other details, all a t  variance 
with regular school practices, all of which doubtless materially 
affect the result, and yet the entire credit is given to the effect 
of the window ventilation. h'o consideration is given to the 
fact that proper window ventilation may be had upon but one 
or two sides of the building, and then only on the sides of the 
building which are favorably exposed, nor is any mention made 
of the enormous increase in the cost of maintaining the school 
system if such a system of school administration were applied 
to  a n  entire city, such as New York. 

I n  this reference to  window, or natural, ventilation there 
is no inteqtion to decry its use within proper limitations, nor as 

Therefore, let us briefly consider the reason or reasons. 
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an adjunct to the artificial ventilation system, which leads 
to the remark that  a properly designed system of ventilation 
is not put “out of balance” by the opening of a window, the 
popular impression to  the contrary notwithstanding. 

Therefore, let the physiologists and medical men but come 
to an agreement as to the optimum atmospheric conditions 
and the engineer may be depended upon to  produce just those 
conditions, IF, and herein lies the real problem of mechanical 
ventilation from the standpoint of the engineer, IF but a reason- 
able appropriation is made for the design and installation of 
the heating and ventilating system, and for its operation. 

In  the first place, not more than one plant in ten is designed, 
or laid out, by a consulting engineer. There may be, unfor- 
tunately, some practising engineers incapable of designing a 
system to meet modern requirements, but there are plenty of 
competent engineers. If a continuance of the unfortunate 
experiences of the past is to  be avoided the owner must be made 
to  realize that  the design of a heating and ventilating system 
is no part of a plumber’s work or an architect’s work or training, 
for unfortunately some architects do not yet realize this fact 
and many architects prefer to  entrust the design of the heating 
and ventilating plant to a friendly and willing contractor rather 
than to  themselves pay the engineer’s fee or to  ask the owner 
to  pay it. Result-the contractor lays out the work for 
his own benefit, is indeed glad to do so for the advantage wrhich 
he may thus obtain over other bidders, the owner is without the 
expert services which he should have, and in the end he pays 
much more than enough extra for his plant and its operation 
than would have been required to pay directly for engineering 
services. 

It is this class of engineering, also, which produces the most 
failures in ventilation work, the blame for which the engineer 
carries. 

The cost of the best engineering services for the design and 
supervision of the heating and ventilating plant will vary from 
one-half t o  three-quarters of one per cent of the cost of the 
building. 

A first-class engineer will produce savings in cost of installa- 
tion and operation vastly exceeding this, and yet, but relatively 
few owners avail themselves of such services, while the wail 
against the inefficiency of the ventilating system goes on. 

In  the second place, in the case of nearly every building, 
the appropriation for the installation of the heating and venti- 
lating system is reduced to  the very minimum. Take, for 
instance, a school building. Usually a certain amount is ap- 
propriated for the building, then the committee selects its archi- 
tect. If by competition, each architect strives to outdo the 
others in the size or ornamentation of the building which he 
offers to build for the amount appropriated. In  any case the 
architect is usually confronted with the requirements of the 
committee, which requirements are from ten to twenty-five 
per cent in excess of what may be reasonably expected for the 
sum appropriated. -4nd then begins the process of trimming, 
and the heating and ventilating plant, being the biggest single 
item of equipment, invariably comes in for the most attention 
and with the worst results. Xnd this, too, despite the fact that  
the ventilating plant is really the lungs of the building and counts 
most for the comfort and efficiency of the building and its occu- 
pants. But, of course, there must be so many rooms, just 
so many gargoyles, and just so much marble. For these things 
are seen and read of all men. -4nd thus the committee can 
point with pride to  the size and beauty of its building and com- 
pare it with what a neighboring city secured for a similar 
sum. 

Only recently an instance occurred where an expenditure of 
$1,000 additional in the installation of the ventilating plant 
would have saved twice this sum in the annual operating 
costs but this could not be permitted because the money was 
needed by the architect for additional space in, or ornamenta- 
tion of, the building. 

The air washer, a most desirable adjunct to the school venti- 
lating system, desirable because it eliminates dust, bacteria and 
odors and makes possible any degree of humidification, costing 
but approximately five per cent of the cost of the heating and 
ventilating plant, is rarely found in newly built school build- 
ings, and solely because the school, or building, committee does 
not provide the means, or the architect, being forced to satisfy 
the committee as to  the size or appearance of the building, 
cannot spare the money. 

One of the most frequent complaints offered against the 
artificial ventilating system is that air of the same temperature 
is supplied to all of the rooms of the building, regardless of their 
exposure to  sun and wind. Often a room on the sunny sheltered 
side of a building should have its entering air supplied a t  a 
temperature of from five to  ten degrees less than the temperature 
of the air entering a room on the side of the building which is 
in the shade and exposed to  a severe wind. But the common 
ventilating duct supplies the same air a t  the same temperature 
to all rooms. And this system is usually enforced because an 
extra expenditure of two to  four per cent of the cost of the heating 
and ventilating system may not be permitted for the installation 
of a double duct system or an individual duct system, by means 
of which the temperature of the air may be regulated for each 
room according to its needs. 

I n  the single, or common, duct system one duct leaves the 
heating chamber and branches to  the vertical flue to each room. 
The double duct system has a second duct, carrying cooler air, 
directly under the above mentioned duct, also branching to the 
vertical flue to  each room. Mixing dampers are provided a t  the 
base of each flue by means of which the mixture of warm and 
cool air entering the flue, and thus the room, is regulated by a 
thermostat in the room, according to its individual needs. 
In the case of the individual duct system, the most desirable 
but the most expensive, the duct for each room is carried back 
separately from the base of the flue to  the heating chamber, 
which is, in this case, divided into upper and lower chambers, 
the air in the upper chamber having passed through all of the 
heating coils, and the air in the lower chamber having passed 
through but a portion of the heating coils. Connections are 
made from both chambers to each individual duct, with dampers 
in both connections arranged to operate in conjunction with 
each other, as controlled by the thermostat in the room, thus 
giving to each room air of a temperature suited to its needs, 
and without reference to the needs of any other room, either as 
to  temperature or volume. 

In  the third place the difficulty of obtaining sufficient space 
for the installation of necessary apparatus and in obtaining 
suitable locations for ducts, flues, air openings, heating units 
and other details of the plant, places serious limitations upon 
the efficiency of the ventilating system, for diffusion of air and 
the resulting air movement are most important. The co- 
operation of the owner, architect and engineer are essential 
to  the best results in this matter. 

A further problem has to  do with the standard of the janitorial 
service usually found in charge of the operation of heating and 
ventilating plants. Many well installed plants are rendered 
wholly inefficient by unskilled attention, and this despite the 
fact that  the employment of a better class of operating engineers 
would result in a fuel saving more than sufficient to  cover the 
extra cost of first-class and experienced men. 

\&’hat has been said of the ventilation of schools applies with 
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equal force to  hospitals, auditoriums, stores, factories and all 
other types of buildings. 

In  conclusion be it said that  given authoritative standards, 
the employment of capable consulting engineers, a proper ap- 
propriation for the installation of the heating and ventilating 
system, a reasonable freedom t o  the engineer in the working out 
and in the application of his design, and skillful operation, and 
the engineer’s problems in mechanical ventilation will have been 
overcome. 

Without the consummation of these ends the splendid efforts 
now being made to  solve the chemical, physical, physiological, 
psychological, efficiency and comfort problems of ventilation 
will have been wasted. 

15 WEST 38r1i STREET, NEW YORK CITY 

INVESTIGATION OF SCHOOL AIRIN NEW YORK CITY 
By CHARLES BASKERVILLE 

The Public School System of Greater New York has to  do 
with over 700,000 children requiring the services of about 18,000 
teachers with an annual expenditureof approximately $40,000,000. 
The Board of Estimate and Apportionment approves all appro- 
priations, which to  be available must subsequently be passed 
upon by the Board of Aldermen. A special Committee un School 
Inquiry was appointed by the Board of Estimate and Appor- 
tionment to  look into the problem of efficiency of the entire 
school system, involving the child, its instruction, and physical 

The Committee desiring t o  utilize the equipment and services 
of some of the staff of the College of the City invited me to under- 
take the study of the air of the New York City Schools. The 
invitation was accepted after I had succeeded in securing the co- 
operation of my colleague, Professor C.-E. A. Winslow, who 
subsequently was selected as chairman of the New York State 
Commission on Ventilation. 

Our work constituted a part of the investigation assigned to  
Mr. Chas. G. Armstrong, the engineer to  the School Inquiry 
Committee. 

A preliminary investigation was made during the spring of 
1912 after the ventilating plants in those schools having them 
had been shut down. The 
work was continued, on our recommendation, in the fall of 1912 
and winter of 1913, when the various ventilating systems were 
in operation, with a further expenditure of about $7, joo. Neither 
Professor Winslow nor I accepted compensation for our services 
in connection with the investigation. The money was spent 
for the services of assistants and special apparatus. Space 
admits only a very brief summary of our work, the full report 
of which is now in press by order of the School Inquiry Com- 
mittee referred to. 

Our problem was to  determine the quality of New York air 
and if possible express an opinion upon the efficiency of the several 
systems of ventilation in operation in the schools, which might 
serve as a guide in making recommendations looking toward 
the re-construction of some of the school buildings, or, better 
operation of the systems already installed, and to advise as to 
future construction. We were able to meet these demands in 
part only, some reasons for which will be clear in what Professor 
Winslow will say in the last paper to  be presented this evening. 
Other reasons are presented herewith. 

The systems studied were ( I ) ,  window system (designated the 
“open window” method by the lay press) ; (2), the natural sys- 
tem, where ducts were provided, but no mechanical means for 
insuring a flow of air in a desired direction or regulating the speed 
of the flow; (3), mechanical ventilation by means of fans with 
heating coils in the main duct; a’nd (4), the last mentioned pro- 
vided further with a washer, which also acted as a humidifier. 
In some, in fact practically all, schools investigated, where 
mechanical ventilation was the method used, the air was taken 

, environment. 

For this work $750 was allowed. 
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in a t  or near the street level and not filtered, except in so far 
as in special cases, we may regard passing through a spray of 
water as filtration, which it undoubtedly is. In this connection, 
however, it  is important to  note that  after it became known that  
we had begun the preliminary investigation-or perhaps i t  was 
coincident with our beginning-the Board of Education ap- 
pointed a committee headed by Hon. John Martin, to study the 
matter of ventilation in the schools, which committee made 
a very common sense report, whereupon the Superintendent 
of Schools, Dr. Maxwell, not only authorized, but ordered, 
the teachers in the schools to  open the windows in whatever 
school they might be, at any time they deemed it desirable, 
i t  mattered not what system was in operation or how efficient 
it might be operating, thus placing another duty upon the teacher 
already overloaded with responsibility. Our field squads en- 
countered these and many other conditions in their work. Acting 
under orders they made their observations of existing conditions 
as they found them. Of necessity, the comparative value of 
our investigation from a refined point of view was materially 
lessened. However, what we did learn proved of no little value 
as will become apparent to  one who studies the report. 

Two fundamental facts presented themselves to  us at the out- 
set; first, the quality of the air of the city itself, and second, 
the quality of the air in different localities of the city. 

When it is considered that  the children are in school 5/24 of 
a day for 5 days in a week for 8 months, that  is to say, about 
1000 hours of the total 8760 hours of the year, approximately 
3/24 of their existence, while the remaining 2 1/24 of their time is 
spent in the streets, where the air is superior in certain ways and 
far inferior in others, and in their homes, where different features 
are better, but others worse, it  becomes a matter of no small 
moment to recommend the expenditure of many millions of 
dollars for the installation of elaborate systems of ventilation 
involving the cost of maintaining them in operation when the 
heating plants are not going, as desirable as they may be, for 
the actual benefit derived. 

The examination of all the 600 schools in New York was 
obviously out of the question, so under the advice of Mr. Arm- 
strong, we selected 32 typical examples, ranging from modern 
and well managed fan-ventilated schools to  older buildings in 
congested tenement districts, ventilated without fans, and in- 
cluding buildings of various sizes from one of the largest high 
schools to a four-room country school in Richmond Borough. 

Ten of .these schools were studied intensively, being visited 
once a week between December 2, 1912 and February 14, 1913, 
while the other twenty-two were visited on one or more occasions 
between February 14 and March 15, 1913. The latter group 
included some night schools. 

The work was organized under three major heads, viz.: 
I. A study of the physical and chemical condition of the ai?. 
II. A study of the air distribution within rooms. 
III. A physzological study of “crowd poison.” 
I. Physicel and Chemicnl Condztion of the Air-Those factors 

known to possess more or less physiological significance only 
were considered. They were (e) Temperature, (b) Relative 
Humidity, (c) Carbon Dioxide, (d) Dust, and (e) Bacteria. 

(u)  Temperature-Over 1800 determinations were made, 
besides some 340 daily thermograph records obtained with 12 
Tycos instruments located for various lengths of time, in differ- 
ent schools. The general results obtained by the sling psychrom- 
eter are shown in Fig. I .  The thermograph records will be re- 
ferred to under “operation.” 

The data are expressed in the form of distribution curves, 
the abscissae representing the observed values in each caSe and 
the ordinates the percentage of all observations falling within 
the limits of values indicated below. It is evident that these 
records as a whole indicate very good conditions. The tempera- 
ture curve centers closely, as it should, about 4-68’ F. On the 
whole, this result must be considered highly creditable and an 


